Background There is a gap in research focused on genderbased differences in non-referral populations with celiac disease. Aims The aim of this study was to estimate those differences in a unique population-based cohort of patients with celiac disease with respect to (1) presenting symptoms, (2) associated autoimmune disorders, and (3) survival. Methods Clinical data were systematically abstracted from the electronic medical record of a population-based incident cohort of patients with celiac disease. Logistic regression was used to assess the strength of the association of presenting symptoms and gender. Survival differences between genders were evaluated with Cox regression.
Introduction
Celiac disease (CD) is a systemic immune-mediated illness characterized by enteropathy after exposure to gluten [1] . It affects between 0.5 and 1% of the USA and European population [2] [3] [4] . There is a female predominance of diagnosed disease (2:1-10:1) [5] [6] [7] . CD can affect women's health by decreasing bone mineral density and fertility, increasing risk of concurrent autoimmune disease, and negatively impacting quality of life [8] [9] [10] [11] . Genderrelated differences in clinical presentation of CD have been suggested [12] [13] [14] . Women are more likely to experience abdominal pain and iron deficiency anemia [13] [14] [15] . Elevations in liver enzymes, weight loss, and the presence of dermatitis herpetiformis appear more common in men [15] . Women reportedly struggle more with persistent symptoms and poorer health-related quality of life even while adhering to a gluten-free diet [11] .
The aim of this study was to estimate gender-based differences in a unique population-based cohort of patients with CD with respect to (1) presenting symptoms, (2) anthropomorphic measurements, (3) associated autoimmune disorders, (4) concurrent illnesses including depression and osteoporosis, (5) laboratory studies, and (6) survival.
Methods
This population-based incidence cohort included individuals living in Olmsted County, Minnesota with CD. Patients diagnosed between 1990 and 2015 were included. The Rochester Epidemiology Project (REP) was used to build the cohort along with Mayo Clinic's Celiac Registry [16, 17] . Using REP allows for comprehensive data from this Midwestern community as it links records from both major healthcare providers in the community: Mayo Clinic and Olmsted Medical Center [18] . It combines clinical documentation from Mayo Clinic and its hospitals (St Mary's and Methodist) with that of the Olmsted Medical Group and its affiliated hospital to create a populationbased fund of data [18] .
Cases of diagnosed CD were identified based on inpatient and outpatient medical records, ICD-9 coding for celiac disease (579.0) or dermatitis herpetiformis (694.0), serology, and histopathology [17] . Patients were identified using the REP medical index, the Celiac Registry established by previous studies, and review of patient charts [16, 17] . The infrastructure of the REP allowed us to systematically abstract data from the electronic medical record of those with a diagnosis of CD in this defined geographic area. Baseline characteristics, mode of clinical presentation (classical, non-classical, silent), severity of disease, specific presenting symptoms, family history of celiac disease, serological status, prescription for gluten-free diet, and biopsy results described by the histologic patterns in the modified Marsh classification were examined [19, 20] . Symptoms were abstracted from charts using patient description of symptoms documented in the history of present illness as the chief complaint and physician diagnosis documentation in the impression, report and plan. Celiac disease was defined as biopsy with villous atrophy or increased intraepithelial lymphocytes per the modified Marsh criteria and a documented response (symptom improvement) to a gluten-free diet [19] . In the absence of biopsy, CD was diagnosed if there were two positive serology tests-specifically, tissue transglutaminase and endomysial antibodies-along with a documented response to a gluten-free diet. Patients were also included in the cohort if they were given a clinical diagnosis based on symptoms of malabsorption and had a documented response to a gluten-free diet. This last set of patients encompasses a small number of individuals who did not have a biopsy due to already following a gluten-free diet or high risk of pursuing a biopsy secondary to comorbid medical conditions or old age.
Using the Oslo criteria, classical CD was defined as presenting with malabsorption: steatorrhea, diarrhea, or weight loss [1] . Severe celiac disease was defined as the concomitant occurrence of weight loss and diarrhea. Nonclassical CD was defined as patients without signs of malabsorption [1] . In order to be non-classical the patients had to have some other symptom documented in the notes such as constipation, abdominal pain, flatulence, nausea, vomiting, ascites, edema, anorexia, anemia, aphthous ulcers, or another item from a list of symptoms. Individual symptoms were defined by patient description and physician interpretation without the use of formal metrics. Asymptomatic CD was defined by a lack of symptoms, but serology and histology consistent with a diagnosis of CD [1] .
Laboratory values and serology were extracted up to 2 years before and 1 month after diagnosis with CD.
Height, weight, and body mass index (BMI) were compared to an age-and gender-matched control population.
The study group was analyzed for other autoimmune disorders such as diabetes mellitus type 1, hypothyroidism, dermatitis herpetiformis, and other conditions.
Frequency of depression was investigated by reviewing clinical documentation for a diagnosis of major depressive disorder or depression. Frequency of osteoporosis was measured by clinical documentation and review of bone mineral density scan results when available.
Follow-up data on all-cause mortality were collected along with cause of death if known.
Statistical Analysis
Categorical data were presented as count (percentage) and analyzed using Chi-square and Fisher's exact test where appropriate [21, 22] . Logistic regression was used to assess the strength of the association of presenting symptoms and gender [23] . The Kaplan-Meier product limit method was used to estimate survival rates and compare the cohort to the expected survival of the Minnesota white population [24] . Cox regression was used to compare the survival Dig Dis Sci (2018) 63: 184-192 185 between genders while controlling for age [23] . Statistical significance was defined with an alpha level of 0.05 without adjusting for multiple comparisons. Statistical analyses were performed using SAS statistical programming language (version 9.4 SAS Institute Inc.; Cary, NC, USA).
Ethical Issues
This study was approved by the Institutional Review Boards of the Mayo Clinic Foundation (11-005678) and Olmsted Medical Center (046-OMC-11). Patients who declined research authorization were excluded.
Results

Patients
We included 282 incident cases of CD. The cohort was predominantly female (n = 183, 65%). Mean age was 46 with a range of 18-84.9 years old at diagnosis. Women were diagnosed younger than men, on average at 44.5 years compared to 48.9 years (p = 0.030). The vast majority of the study group was Caucasian (93.6%) ( Table 1) .
Clinical Presentation
Non-classical presentation of celiac disease was the most common mode of presentation (n = 139; 49.3%) and was similar between genders (females 48.6%; males 50.5%; p = 0.92). Asymptomatic presentation was seen in about 5.7% of patients equally common in the genders. Severe celiac disease was seen in 12% of females and 9.1% of males (p = 0.45). On histologic samples, the amount of villous atrophy was similar between genders. Over 90% of patients were prescribed a gluten-free diet (females 96.1%; males 92.9%; p = 0.47). The remaining patients did not have the diet recommendations documented by the physician or were already documented as following a gluten-free diet.
Symptoms
Abdominal pain was the most common presenting symptom seen in 112 (39.7%) subjects. Constipation was seen more often in women (OR 2.33; 95% CI 1.06-5.12; p = 0.035). Gender differences were not observed with respect to other presenting symptoms as other confidence intervals overlapped 1. Approximately, 37% of women and 25% of men were anemic (OR 1.71; 95% CI 0.99-2.95; p = 0.053), which was the third most common presenting symptom after abdominal pain and diarrhea, respectively ( Fig. 1 ).
Laboratory and Serology
Serology results were similar between genders. A significant amount of data was missing. Tissue transglutaminase (TTG) IgA was the most commonly performed test on 204 (72%) subjects and was often positive (females 90.8%; males 89.0%; p = 0.68). TTG IgG positivity was around 31% (females 32.8%; males 18.6%; p = 0.64) in those who had measurements (n = 106, 37.6%). Endomysial antibody was measured in 124 (44%) patients with similar positive results between genders (females 66.3%; males 77.3%; p = 0.47) ( Table 1) . Low ferritin was more frequent in women (females 56.3%; males 35.5%; p = 0.009). Otherwise, vitamin B12, folate, iron, and ALT levels were comparable.
Anthropomorphic Measurements
Women were shorter and weighed less than men with an overall body mass index (BMI) that was lower. After adjusting for controls using the National Health and Nutrition Examination Survey (NHANES) white population, there was not a significant difference in height, weight, or BMI in the celiac population compared to controls (Table 2) .
Autoimmune Diseases
Autoimmune disease was seen in 89 (31.6%) subjects. The presence of at least one concurrent autoimmune disease was similar between genders (females 32.2%; males 30.3%; p = 0.74). The most common autoimmune disease seen in 14.5% of subjects was hypothyroidism (females 17.5%; males 9.1%; p = 0.061). Twelve (4.3%) subjects had two, and two (0.7%) subjects had three concurrent autoimmune diseases. There were no significant differences between men and women (Fig. 2) .
Depression and Osteoporosis
Depression was diagnosed in 60 (21.3%) subjects (females 24.0%; males 16.2%; p = 0.12), with 12 of the 60 cases discovered after CD diagnosis. There was no difference between men and women (before diagnosis p = 0.23, after diagnosis p = 0.55). To validate the physician diagnosis of depression, medication lists were reviewed. The vast majority of patients (54 of 60) were on medical therapy such as a selective serotonin reuptake inhibitor (SSRI). Numerous patients were also referred for counseling or visited with specialists in psychiatry per the medical record.
Osteoporosis was found in 34 (12.1%) subjects and osteopenia in 7 (2.5%) subjects. A total of 101 of the 183 women were tested before or within a year of diagnosis and 47 of the 99 men. Among women [ 50 years old in the study, the rate of osteoporosis was 35.5% compared to 15.6% of men [ 50 years old. The mean Z-score for women \ 50 was 0.0, women [ 50 was -0.6, men \ 50 was -0.4 and men [ 50 was -0.8.
Mortality
Twenty-three subjects expired during follow-up, 12 males and 11 females. Using the reverse Kaplan-Meier method, the median follow-up time was 8.80 years (95% CI 7.60-9.60). Survival was lower among men than women (unadjusted HR 2.54; 95% CI 1.09-5.88; p = 0.285; ageadjusted HR 3.00; 95% CI 1.26-7.21; p = 0.014) which is consistent with the general population (Fig. 3 ). These survival rates were within the expected range for the Minnesota white population used as a control (study population was 94% Caucasian) (Fig. 4) . Cancer was the most common cause of death documented in seven individuals. Types of cancer included lung (multiple patients), pancreatic, prostate, T cell non-Hodgkin lymphoma, and small bowel adenocarcinoma. Vascular disease including myocardial infarction, cerebrovascular accident, and others accounted for five deaths. Dementia was responsible for three deaths and other, such as infection or respiratory failure, for eight deaths. There were two possible celiac disease-related deaths (lymphoma and small bowel adenocarcinoma), one in each gender group.
Discussion
The principal findings of this population-based study on celiac disease include: (1) Women are diagnosed more frequently and at an earlier age, (2) women are more likely to present with constipation, (3) women were more likely to have a low ferritin before diagnosis, (4) other autoimmune diseases were common in both genders, (5) rates of osteoporosis and depression in CD were much higher than the national average for both men and women, and (6) mortality in males was higher than in females, but not in excess compared to the general population. This study confirms the female predominance in diagnosed CD as 65% of the sample was female (1.85:1 ratio). Women were diagnosed at a younger age, approximately 4 years earlier than their male counterparts. This could represent a difference in the natural history of CD or women seeking medical care earlier in their course of illness.
Women presented with constipation more often, which is theoretically an unusual finding in a traditionally diarrheal illness. Previous studies have also reported constipation as a frequent symptom of CD [25, 26] . In an Italian study, it was found in 13% of celiac patients, which is similar to our results of 9% of men and 20% of women [25] . Studies on patients with chronic constipation show high rates of CD in both adults and children [26] [27] [28] . This finding in our study may be confounded by patient reporting of symptoms leading to recall bias as well as other disorders such as pelvic floor dysfunction and irritable bowel syndrome constipation type which predominate in women. Additionally, physiologic differences in pelvic floor anatomy and other factors such as hormones like estrogen and progesterone may factor into the frequency with which constipation is seen in women. Only 36.5% of patients listed diarrhea as their presenting symptom; this proportion is lower than in previous studies (54-85%) [29, 30] . These data suggest an increase in awareness of non-classical CD presentations [16] .
Abdominal pain was the most frequent symptom seen in both genders. The ferritin deficiency observed in women could be multifactorial. Women who are menstruating are more prone to iron deficiency and this data could represent a spurious decrease in ferritin levels in the CD population. Over 50% of women had low ferritin and anemia was observed in 36.6% of these women as a main symptom. A previous study indicates that the odds of CD in people with iron deficiency is 28-fold compared to controls [31] . Postmenopausal women and men of any age with low ferritin, a surrogate for iron deficiency, could benefit from CD testing.
The anthropomorphic measurements may suggest that CD diagnosed during adult life may not affect height and weight, as these metrics were similar between the incident cohort and controls.
Uncovering 31.6% of patients with concurrent autoimmune disease is consistent with prior studies showing an increased prevalence of autoimmune conditions in patients with CD [32, 33] . This percentage is significantly higher than previous studies and the general population where estimated prevalence is about 3.2% [34] . This study supports the association of CD with an increased risk for concurrent autoimmune diseases. This relationship should be kept in mind during the management of patients with CD in order to diagnose and treat potential coexisting conditions in a timely fashion. The mechanism underlying this increased risk is poorly understood but potentially is related to environmental triggers and shared genetic susceptibility [35] .
An increased risk of depression and osteoporosis was observed in this cohort [36] . These numbers indicate that mental and bone health are important components of follow-up. Mood assessments should be considered a key aspect of the clinical visit (e.g., PHQ-9). A National Institutes of Health study that looked at 12-month prevalence for major depressive episodes in American adults showed that 6.7% of all adults were clinically depressed and approximately 8.2% of all females and 4.8% of all males [36] . Our findings were about three times the national average within each gender group, consistent with previous CD studies [37, 38] . Special consideration should be given to prevention of osteoporosis in younger patients with CD and aggressive treatment of the condition in older patients. The bone health of men appears to be more profoundly impacted according to z-scores; however, men were tested less frequently (41% males \ 50, 48% females \ 50, 56% males [ 50, 69% females [ 50). The national average for women [ 50 years of age with osteoporosis is 16%, we found a rate of 35.5% [39] . The national average for men is 4%, while our study revealed 15.6% of men [ 50 with osteoporosis [39] . For women with CD the rate of osteoporosis is greater than twice and for men the rate is almost four times the national average.
Mortality in patients with CD, while different between men and women, was not outside of the expected range for the Minnesota Caucasian population. Previous studies showed modest increases in mortality with CD [40, 41] . Other studies showed no major excess mortality compared to the general population [42] . Those patients with minor symptoms had lesser mortality and those patients with poor compliance with the gluten-free diet had increased mortality [43] . It is possible that death rates are affected by treatment with a gluten-free diet. This hypothesis identifies a future direction of research on this cohort which would be monitoring their compliance with a gluten-free diet and the relationship between strictness and mortality.
Limitations of the study include that the majority of study participants were non-Hispanic whites meaning results may not be generalizable to other populations. The sample size of this population was relatively small at 282 patients and therefore may have been underpowered to detect certain associations. Patient descriptions and physician interpretations were used for the presenting symptoms as opposed to formal criteria which could introduce bias. For example, constipation was defined by the physician documentation in the note and did not rely on objective criteria such as Bristol stool form, Rome criteria, or even an informal practical definition of \ 3 bowel movements per week and subjective sensation of straining-the symptom was listed based on physician judgment. It was certainly helpful and supported the diagnosis when physicians quantified the number of bowel movements in their documentation, but this was not always the case. We were also unable to validate the degree of constipation by reviewing the medication list for laxatives as these are often purchased over the counter and do not appear in the patient's medical record. Other limitations are related to the retrospective design. Missing laboratory values can also threaten data integrity. Strengths of the study include its population-based nature which limits referral bias. Additionally, this study offers a robust bank of data and the medical record was directly reviewed for clinical details which provides a thorough snapshot of the patient's CD.
In conclusion, this study seems to indicate more similar qualities between genders than differences when it comes to celiac disease; perhaps we are more alike than unalike.
